Trends in blood pressure prevalence and control have important public health implications. We aim to document trends in hypertension prevalence, awareness and control in the older Australian population, a group at greatest risk of blood pressure related diseases. The Blue Mountains Eye Study (BMES) is a population-based study of residents aged 49 years or older, in two postcode areas of the Blue Mountains, Australia. The first cross-section (BMES I, 1992(BMES I, -1994 ). Hypertension awareness decreased significantly from 79.8 to 73.0%, while treatment and control rates decreased from 71.1 to 67.3% and 56.3 to 46.5%, respectively (Po0.0001). Our results showed that elevated BMI (Po0.0001), lack of exercise (Po0.002) and serum triglyceride 42 mmol/l (Po0.0001) were significantly associated with prevalence of hypertension. We found that the prevalence of hypertension in the older Australian population was increasing while awareness, treatment and control rates decreased. Programmes to improve community awareness of hypertension, and its association with BMI may lead to further reductions in blood pressure and the burden of cardiovascular disease.
Introduction
Hypertension is one of the major risk factors for stroke, coronary heart disease, congestive heart failure, renal disease and death. [1] [2] [3] [4] [5] [6] The risks associated with elevated blood pressure levels (BP) rise substantially with age. 2 Furthermore, elevated systolic blood pressure (SBP) is associated with greater risk than elevated diastolic blood pressure (DBP) in older persons. 2, [7] [8] [9] In the last decade, a number of clinical trials have consistently shown that successful antihypertensive therapy significantly decreased rates of cerebrovascular and cardiovascular morbidity and mortality in the elderly. 3, 4, [9] [10] [11] Hypertension is the most common primary diagnosis from 35 million doctor visits in the United States. 12 In Australia, hypertension is the most frequently managed problem in general practice accounting for 8.6% of encounters and 7.9% of prescriptions. 13 Despite this high level of interaction between the public and medical practitioners, reported BP control rates around the world remain suboptimal. [14] [15] [16] [17] [18] Data from the United States National Health and Nutrition Examination Surveys (NHANES) revealed that although awareness of hypertension improved from 51 to 70% from 1976 to 2000, treatment and control rates improved only from 31 to 59% and 10 to 34%, respectively. 1 One Australian survey showed that while 47% of persons with hypertension were treated, only 19% were controlled; 17 while results from the English Health Survey revealed hypertension awareness, treatment and control rates in 1998 were 46, 32 and 9%, respectively. 15 The acute costs of hospitalization for the management of cardiovascular events resulting from current rates of uncontrolled blood pressure in the UK has been estimated to be d97.2 million per year. 19 The present study uses data from two crosssections of an older Australian population to assess how the prevalence, awareness, treatment and control of hypertension changed between 1992-1994 and 1997-2000.
Methods
The Blue Mountains Eye Study (BMES) is a population-based study of vision and common eye diseases of all noninstitutionalized residents aged 49 years or older living in two urban postcode areas of the Blue Mountains, Australia. Recruitment was performed following a door-to-door census conducted in 1991 and 1999. Details of the recruitment methods have previously been described. 20, 21 In brief, this target population was selected because it has a relatively stable and homogeneous population representative of the Australian population. 21 The first cross-section population (BMES I) identified 4433 eligible residents during the 1991 census, of whom 3654 (82.4%) participated in examinations conducted between 1992 and 1994. After 5 years, BMES I participants were invited to attend repeat examinations conducted between 1997 and 1999 (BMES IIA). Of the 3654 persons seen at baseline, 383 (10.5%) had moved, 394 (10.8%) refused to participate, and 543 (14.9%) had died; and 2335 (75.1% of persons alive) returned for follow-up examinations. A repeat door-to-door census conducted in 1999 of the same two postcode areas identified 1378 additional eligible residents who had moved into the area or qualified because of age, of whom 1174 (85.2%) were examined in 1999-2000 (BMES IIB). The second cross-section population comprised 3509 participants from BMES IIA and IIB.
Survey methods and procedures were similar for the two examinations. Trained interviewers completed a comprehensive questionnaire covering systemic and eye disease history, medication use, smoking and alcohol consumption history. Awareness of hypertension was determined from the questionnaire by asking whether the participant had ever been advised by a doctor if they had 'high blood pressure'. BP was recorded from the right arm with a mercury sphygmomanometer using a cuff size appropriate for the participant's arm circumference, after they had been comfortably seated for at least 10 min. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Subjects were recalled for fasting blood samples that were analysed at the Institute of Clinical Pathology and Medical Research, Westmead Hospital.
In keeping with the 2003 World Health Organization (WHO)/International Society of Hypertension (ISH) guidelines, 22 we defined Grade I hypertension as SBP 140-159 mmHg or DBP 90-99 mmHg; and Grade II hypertension as SBP X160 mmHg or DBP X100 mmHg. Owing to the relatively high prevalence of grade I and grade II hypertension in our older population, and only strong clinical trial evidence to support treatment in older persons with BP of at least 160 mmHg, 23 we chose to define hypertension in our study participants at significant risk of cardiovascular sequelae from their elevated BP. All participants with grade II hypertension and/ or were taking antihypertensive medication were considered to be at significant risk from hypertension. Additionally, participants with hypertension were further categorized as controlled, if they were taking antihypertensive medications and had BP o160/100 mmHg; or uncontrolled, if their recorded BP was X160/100 mmHg irrespective of antihypertensive medication status.
All statistical analyses were performed using SAS statistical software (SAS Statistical Analysis Software, Cary, NC, USA). The Direct method was used to standardize our data to the Australian population defined in the 2001 Australian Census, 24 and 95% confidence interval (CI) around age-standardized rates were calculated according to Breslow and Day. 25 
Results
Hypertension status was available in 3627/3654 participants at BMES I, and 3494/3509 participants at BMES II. The prevalence of hypertension in our population older than 49 years increased significantly from 45.4% in BMES I to 52.2% in BMES II (Po0.0001), with the prevalence in women significantly higher than in men (Table 1) . After age and sex standardization to the Australian population using 2001 Australian Bureau of Statistics data, the prevalence of hypertension in the older Australian population increased significantly from 42.8% (95% CI 40.6-44.9%) in 1992-1994 to 49.5% (CI 47.1-51.9%) in 1997-1999.
Self-reported awareness of hypertension within our population declined significantly from 79.8 (CI 77.7-81.7%) to 73.0% (CI 70.9-75.1%) over the 6 years between cross-sectional surveys (Table 2) .
Of the 1645 participants with hypertension at BMES I, 71.1% were treated with antihypertensive medications, while 28.9% remained untreated. Of the 1825 participants with hypertension at BMES II, 67.3% were treated, and 32.7% remained untreated. Importantly, the prevalence of treated controlled hypertension decreased significantly from 56.3% (CI 53.4-59.2%) of the population at BMES I to 46.8% (CI 43.7-49.3%) of the population at BMES II. These results are summarized in Figure 1 .
Multivariable adjusted logistic regression analysis revealed several factors independently associated with hypertension. Participants who were overweight (BMI425 kg/m 2 ) were associated with a 1.5 times increased odds of hypertension (CI 1.3-1.8); while obese participants (BMI430 kg/m 2 ) were associated with 2.2 times increased odds of hypertension (CI 1.8-2.7) when compared to participants with BMIp25 kg/m 2 . We also found that partici-pants who undertook no exercise were at increased odds of hypertension (OR 1.3; CI 1.1-1.6), as were participants with serum triglyceride 42 mmol/l (OR 1.4; CI 1.2-1.7). In our data, we did not find significant associations between the prevalence of hypertension and renal impairment o50 ml/min, smoking, or dietary sodium intake. Our results showed that BMI increased significantly between surveys in both sexes and in all age groups, except in men older than 80 years. The agesex standardized mean BMI increased significantly from 26.1 kg/m 2 (CI 26.0-26.3 kg/m 2 ) at BMES I to 27.7 kg/m 2 (CI 27.5-27.9 kg/m 2 ) at BMES II. Figure  2a and b show how the increased prevalence of hypertension from BMES I to BMES II was paralleled by an increased prevalence of obesity from BMES I to BMES II, especially in the younger age groups.
Discussion
Cardiovascular disease is the leading cause of premature death in industrialized countries. 26, 27 BP is directly and continuously related to the risk of stroke and cardiovascular disease. 28, 29 Hypertension is an important reversible risk factor for cardiovascular morbidity and mortality. Understanding Blood pressure control B Chua et al the trends in prevalence and control rates of hypertension is important for planning targeted responses to manage the burden of cardiovascular disease associated with our aging population. Hypertension was identified in about 50% of our population aged 60 years or older. This high prevalence was a reflection of the older age of our study participants and is comparable with agestratified data published from several large population studies. 14, 15 Our study found a higher prevalence of hypertension in women, especially among the older subpopulation. This finding was also reported by the National Health Examination Survey (NHES) and (NHANES I, II, III and 1999-2000), which found higher prevalence of hypertension in younger men, but the reverse in the older population. 30, 31 This phenomenon may reflect a survival bias in older females despite the presence of hypertension. The higher prevalence of hypertension particularly among women aged 60 years and older is of particular public health concern, as findings from the WHO-MONICA (World Health Organization Multinational Monitoring of Trends and Determinants in Cardiovascular Disease) project demonstrated that SBP trends were strongly associated with stroke in women. 32 Our data also revealed that the prevalence of hypertension in our older Australian population increased between 1992-1994 and 1997-2000. This agrees with trends seen in the US, 14 but contrasts with several other studies that describe static or declining hypertension prevalence. 15, [33] [34] [35] Of greater concern, we found hypertension treatment and control rates declined in our population between surveys, a trend opposite to many international reports. 5, [14] [15] [16] 36, 37 This is coupled with a declining awareness of a diagnosis of hypertension among study participants, a surprising finding in the context of other reports showing increasing awareness of hypertension over the past 10-20 years. 15, 33, 35 A possible explanation for the increased prevalence of hypertension between surveys could be due to increased community complacency of the importance of hypertension, reflected in the reducing awareness, treatment and control rates of hypertension between surveys. However, an argument against this proposal was that our awareness, treatment and control rates were better than rates reported by international surveys that have recorded a reducing prevalence of hypertension over time. 5, [14] [15] [16] 36 Our results revealed that the prevalence of obesity increased significantly from BMES I to BMES II, mirrored by an increasing prevalence of hypertension. We propose that this increased prevalence of hypertension is due to the increased prevalence of elevated BMI. It is beyond the scope of this paper to examine in detail factors associated with the increased prevalence of obesity in our population. However, our results support findings from the Framingham Study and the Iowa Women's Health Study that showed increased risk of incident hypertension with obesity. 38, 39 Furthermore, we found statistically significant independent associations between participants who performed no exercise, were overweight or obese, or had serum triglyceride 42 mmol/l and hypertension. As hypertension in our population was found to be independently associated with two other elements of the metabolic syndrome, namely elevated BMI as a surrogate of abdominal obesity and hypertriglyceridemia, we feel that it is important to reinforce to treating physicians that the management of hypertension should not be carried out in isolation. An association between hypertension, obesity and hypertriglyceridemia has also been reported in NHANES III data. 40 The link between obesity and hypertension has been suggested to be a result of increased insulin resistance in overweight and obese persons causing endothelial dysfunction from reduced nitric oxide bioavailability. 41 Additionally, obesity has also been associated with reduced vasodilating factors in smaller peripheral vessels from mechanisms acting independently of nitric oxide. 42 Increased physical activity is now strongly recommended as part of the lifestyle modification in the management of hypertension as proposed by the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High BP (JNC VII). 1 The American College of Sports Medicine currently recommends 30 minutes or more of moderate intensity physical activity in most, preferably all days of the week for the prevention, treatment and control of hypertension. 43 In summary, despite widely recognized associations between hypertension and cardiovascular disease, hypertension remains poorly managed. Our data suggest that the hypertension prevalence in this older Australian population is increasing. This trend was coupled with decreasing personal awareness, treatment and control rates of hypertension and an increasing population BMI. Recent studies indicate that better BP control is achievable through aggressive treatment using dose titration and combination therapy. [44] [45] [46] and was associated with improved well-being and quality-of-life scores. 47, 48 We encourage further use of community programmes to increase the awareness of hypertension and the use of exercise not only to reduce the incidence of obesity-related diseases but hypertension as well.
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